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Abstract

We derive that the maximumompression for any single-shock Hugoniot has an upper
bound of 7. Foithe principalHugoniot, wepresent a simplanalytic estimatdor the
maximum compression as a function gf (initial density), A (atomicweight), z (atomic

number), andAE (the sum of cohesion, dissociation, and total ionization energies).

An Upper Bound

Any Hugoniot isdetermined fronthe hydrodynamic equation of statép,E) and

the energy jump condition,

E—EO=%(P+ P,)(1/po -1/ p) . (1)

Here P is pressurep is density,and E is the internal energy pgram. P,, p,, and E,

represent the same but are for the initial state oHtingoniot. Wedefine thecompression

asn=plp, and rewrite Eq. (1) as

n=4+[20(E-E,)-3(P+P,)]/(P+P,) . (2)



We now assume that the virial theorem is exacthe equation of statd]; i.e., if
E=K+U, whereK is the average kinetienergy per gram and is the average potential
energy pegram,then P/p=2K/3+U /3. (We areconsidering her¢he case of physical
interest, namely, the charge neutral, quantum couleystem.) It iswidely believedthat
this assumption is tru@though there is ndgorous proof inthe literature. Substituting

into Eq. (2), we get
n=n,-3P,(1+n)/(P+P,)<n, , (3)

where n, =4+p(U-U,)/(P+P,). If UsU,, thenn<n,<4. If U=U,, then we rewrite

Eq. (3) as

N<y=4+3/[14 2K, /U +3P (11 p+1/ p,) 1Ug] (4)

whereK, =K -K, andU, =U -U,.

For classicalsystems, K;>0 because the average kinegoergy is linear in
temperaturer. For quantum systems, we can only say thatieig reasonable thak, > 0
when U,>0 if n>7-¢ (¢>0). (Modelssupport this position.) Then fromEq. (4),
n<n,<7. Thus we conclude that the compression along a single-shock Hugoniot for any

material cannot exceed 7.
An Estimate for the Principal Hugoniot

We now look tothe principalHugoniot, wherer, =0. We assumdhat we are
shocking fromT =0. (The difference between zero and room temperature is smeti
we are lookingor estimates of the maximusompression.) From Eqgs. (8hd(4), we

find that



n=4+3/(1+2Ks/Uy) . (5)

It is convenient to define(:%US/AE where, forthe principalHugoniot, AE =-E, and is

the sum of cohesive, dissociation, and total ionization energies. Then

n=(7Y+4K,/ AE)/ (Y +K,/ AE) . (6)

Fromthe exact high-temperatuseries forthe equation of state of amgfemental

material[2], we obtain Y as an exacseries in1/K,. (We are thinking ofk, as the

independent variable.) All that we need is

Y=1+aal2 + [, (7a)
with

a=-e*(1+2)°(L/ A/ AE (7b)
and

a= g 1230, 1 K, . (7c)

In theseequations,L is Avogadro's numbemand e is the electrorcharge. The aa /2
originates from the Debye-Huckel term in the highexpansion.
We substitute Egs. (7a)-(7c) into Eq. (6) and solve fontaemumcompression,

n,. Theresultis

Nm=41+7C)/(1+4C) , (8a)

with
C=2(AE/ 2)° A" 1[816 {1+ 2)" LD, | . (8b)



This is our estimate for the maximum compression along the principal Hugoniot.
Equation(8b) can be simplified further if one neglects cohesive and dissociation
energies. We fit to the total ionization energies of C. E. Moore (through Ca)dSijritate

that AE 013.62%* ev per atom. Thus

C 00.011AZ*2 /[ p,(1+ 2)"] - (8c)

Conclusions

The estimates of Egs. (8a)-(8c) and an upper boundaoé Gur results. The only
data onn,, is for Al [4]. Theren,, ~5, and that value agrees well wilgs. (8). One has
available more terms in thexpansion Eq. (7a). Weave extensively studied these terms
and found that they do not influence our estimates at all. We have also extensikadyl
with the series Eq. (7a) using Padé approximants. Again there was no influence at all. We
feel Egs. (8a)-(8c) are a quite good approximation,pf The Al data, modelsandEgs.

(8) all show that the bound of 7 is a tight one, with some materials havingarabout 6.
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